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HIGH PERFORMANCE SYSTEM AND METHOD FOR CAPTURING AND 
1 0 ABSORBING RADIATION 

Inventors 
Lynne C. Eigler 
Yan S. Tarn 

Related Application 

15 This patent application is related to a concurrently- filed patent application entitled 

"Simple High Accuracy High Energy Calorimeter" bearing attorney docket number BOEI-1- 
1 198, the contents of which are hereby incorporated by reference. 

Field of the Invention 
The present invention relates generally to high performance systems for capturing 
20 energy and, more specifically, to capturing radiation. 

Background of the Invention 
Many modern devices are capable of outputting high levels of electro-magnetic 
energy in the form of radiation, such as high-energy lasers and high powered-lamps like solar 
simulator lamps. In certain circumstances, it is desirable to capture either a portion of or the 
25 entire output beam from such devices and, in either case, reduce the back-reflected and/or 
scattered radiation to zero. When a device is used to simply capture all or part of the radiant 
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energy and no measurements of the beam are performed, such a device is generally referred 
to as a beam dump. 

As a further example, it may be desirable to capture the output energy to measure the 
output level of the device. Such a measurement may be used to verify output levels of a 
5 device stated by a manufacturer or as a diagnostic tool for a radiation source. In this case, the 
beam capture assembly is generally referred to as a calorimeter or powermeter. 

In either of the two cited examples, such a beam capture device must be capable of 
surviving the input radiation (which may be high power) and must capture substantially all of 
the radiation. In order to capture substantially all the radiation, the beam capture device 
10 should not permit excessive back-scatter, back-reflections or energy leakage, whereby 
radiation that has entered through an entrance of the beam capture device exits the beam 
capturing device though the entrance. Likewise, the device should not permit the radiation 
which has entered through an entrance of the device to escape through other passages. 

Currently known beam capture devices may suffer from several shortcomings. For 
15 example, some currently known beam capture devices are bulky and heavy. Some current 
beam capture devices that suffer from this problem include plates that are tilted at large 
angles, long cones or linear wedges, and devices with torroidal axicon-type construction. 
Often an attempt is made to use a more compact design that results in local heating issues. 
The resultant geometry of such devices may, depending upon the level of input radiation, 
20 require cooling systems to dissipate the energy. Coolant systems are usually expensive to 
incorporate, and add to the complexity, bulk, and weight of these beam capture devices. 

Further, some currently known beam capture devices are difficult and expensive to 
fabricate. For example, torroidal axicon devices, decreasing spiral radius devices, spherical 
devices, and conical devices include complex geometries that are complicated and time- 
25 consuming to fabricate. 
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Some currently known beam capture devices may be alignment sensitive; e.g. the 
attainment of good performance may require precise alignment. Examples include conical 
devices, linear wedges, and torroidal axicon devices. 

Finally, currently known beam capture devices may exhibit excessive back-scatter or 
5 back-reflections. Types of beam capture devices that are subject to excessive back-scatter or 
back-reflections include tilted and un-tilted plates, cones, torroidal axicon devices, spiral 
radial devices, and linear wedges. 

In an attempt to minimize back-scatter and back-reflections, currently known beam 
dumps may include a geometry requiring either a very sharp tip or a decreasing radius spiral, 
10 such as nautilus shell geometry. However, fabricating beam dumps with very sharp tips or 
decreasing radius spirals is extremely complicated and, therefore, very expensive. 

As a result, there is an unmet need in the art for a beam capture device that is 
mechanically simple, compact, alignment insensitive, inexpensive to manufacture, requires 
no external cooling, and has minimal back-scatter and back-reflections. 
1 5 Summary of the Invention 

The present invention provides high performance systems and methods for capturing 
radiation. Embodiments of the present invention use a multi-axis, two dimensional geometry 
to capture the radiation. The multi-axis geometry is very efficient at trapping energy. The 
geometry minimizes back-reflection and back-scatter by preventing a beam of radiation from 
20 directly impinging upon a vertex of the beam capture device and by causing multiple 
reflections of the beam with each reflection absorbing a predetermined portion of the 
radiation. The multiple bounces help to establish a more uniform distribution of the energy 
deposited on the surface and thus eliminate the need for device cooling. As a result, 
embodiments of the present invention are mechanically simple, compact, alignment 
25 insensitive, inexpensive to manufacture, can accommodate a wide range of beam shapes, 
sizes, and intensities, and have minimal back-reflections and back-scatter. 
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According to an embodiment of the present invention, a device for capturing radiation 
includes a first chamber that has a first axis and is configured to receive a beam of radiation. 
The first chamber is further configured so that a portion of the beam is incident on its walls 
and partially absorbed in order to attenuate the beam of radiation. A second chamber has a 
5 second axis that is not collinear with the first axis. The second chamber is configured to 
receive at least a portion of the beam of radiation either directly from the input beam or from 
the beam that has reflected from the walls of the first chamber. The second chamber is 
configured to further attenuate the beam of radiation, such that substantially all of the 
radiation is absorbed. In a presently preferred embodiment, the second chamber terminates 
10 at a vertex. 

According to an aspect of the present invention, the radiation absorbing surfaces 
within the first and second chambers may be coated with black chrome, Ebonol C™, 
tungsten, tungsten carbide, silicon carbide, or other suitable absorbing materials. 

According to another aspect of the present invention, the first and second chambers 
1 5 may be constructed of a high thermal conductivity material such as copper. 

According to a further aspect of the present invention, the beam of radiation may 
include a coherent radiation source such as a laser beam or an incoherent source such as a 
lamp. However, with a suitable choice of size and materials, the device will work with any 
radiation source. 

20 Brief Description of the Drawings 

The preferred and alternative embodiments of the present invention are described in 
detail below with reference to the following drawings. 

FIGURE 1 is a full cutaway side view of an exemplary beam capture and absorbing 
device according to an embodiment of the present invention; 
25 FIGURE 2 is a partial cutaway top plan view of the beam capture and absorbing 

device of FIGURE 1; 
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FIGURE 3 is an end view looking into an entrance of the beam capture and absorbing 
device of FIGURE 1; 

FIGURES 4-6 illustrate particular features of the beam capture and absorbing device 
of FIGURE 1; 

5 FIGURES 7 and 8 are illustrations of capture devices according to alternate 

embodiments of the present invention; and 

FIGURES 9 and 10 are illustrations of capture devices according to further alternate 
embodiments of the present invention. 

Detailed Description Of The Invention 

10 By way of overview and referring to FIGURE 1, a beam capture device 10, such as a 

beam dump, is provided for capturing radiation, such as without limitation a laser beam or 
output of a high power lamp such as a solar simulator lamp. A first chamber 12 has a first 
axis ai and is configured to receive a beam 14 of radiation. The first chamber 12 is further 
configured to attenuate the beam 14 and direct a portion of the beam 14 into a second 

15 chamber 16. The portion of the beam 14 directed into the second chamber 16 may range up 
to 100% of the beam. The second chamber 16 has a second axis a 2 that is not collinear with 
the first axis ai. The second chamber 16 is configured to receive at least a portion of the 
beam 14. The second chamber 16 is further configured to further attenuate at least a portion 
of the beam 14, such that the two chambers 12 and 16 together absorb or otherwise capture 

20 substantially all of the radiation. Details of embodiments of the present invention will now 
be set forth below. 

The first and second chambers 12 and 16 are provided within a body 18. In one 
presently preferred embodiment, the body 18 is a copper body. However, it will be 
appreciated that the body 18 may be made of other high conductivity materials, as desired, 
25 such as without limitation aluminum, beryllium, molybdenum, silicon carbide, or steel. 
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In addition to the first and second chambers 12 and 16, if desired the body 18 may 
include other features to create a high-energy calorimeter. Features of a high-energy 
calorimeter that may be advantageously included with the body 18, along with the first and 
second chambers 12 and 16, are set forth in a concurrently filed U.S. Patent Application 
entitled "Simple High Accuracy High-Energy Calorimeter" bearing attorney docket number 
BOEI-1-1 198, the contents of which are hereby incorporated by reference. 

While the beam capture device 10 is well suited for capturing and absorbing 
radiation, the energy content of which is measured with a high-energy calorimeter, it will be 
appreciated that the beam capture device 10 need not be associated with a high energy 
calorimeter. For example, it will be appreciated that the beam capture device 10 suitably 
functions as a beam dump when used without instrumentation in addition to functioning in 
concert with a high-energy calorimeter. 

In one exemplary embodiment of the device 10, a mounting clamp 20 extends from 
the body 18. The clamp 20 permits the body 18 to be attached, via any suitable fasteners 50, 
through bores 22 defined in the clamp 20 to a support structure 23. The support structure 23 
might be the outlet port for the source of the beam 14. 

The first chamber 12 defines an opening 24 at a first end 26 of the first chamber 12. 
The opening 24 defines an aperture 25 in the body 18 that advantageously is sized to admit 
the entire beam 14. In one presently preferred embodiment, the opening 24 is larger than a 
footprint of the beam 14. 

First and second faces 28 and 30 extend from the first end 26 to a throat 32 at a 
second end 34 of the first chamber 12. The first and second faces 28 and 30 define an angle 
a between them. The first and second faces 28 and 30 narrow at the angle a along the axis ai 
from the first end 26 to the throat 32 at the second end 34. The angle a suitably has any 
value as desired for a particular application. However, given by way of non-limiting 
example, in one embodiment the angle a has a value of around 28°. In another exemplary 
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embodiment, given by way of non-limiting example the angle a suitably may have a value of 
around 32°. While it is emphasized that the angle a may be selected to have any angle as 
desired, the non-limiting values given above for the angle a have been determined to 
attenuate a prescribed amount of energy of the beam 14 while minimizing back-scatter and 
5 back-reflection. 

In one presently preferred embodiment, the first and second faces 28 and 30 are 
desirably coated in order to promote absorption of energy of the beam 14. However, the 
device geometry is established such that the surfaces absorb the energy over a large area. 
This helps minimize local heating and helps ensure that any local heating is safely below the 

10 material limits of the device 10. Angling and coating the first and second faces 28 and 30 
minimizes local heating of any surface within the beam capture device 10 by allowing a 
prescribed amount of the beam's energy to be absorbed in the first chamber 12 and the 
remainder to be absorbed in the second chamber 16. This is accomplished by selecting a 
coating with the appropriate absorption coefficient versus angle characteristics for the 

15 coating applied to the first and second faces 28 and 30. If the absorption coefficient of the 
coating is too low then the majority of the beam absorption must occur in the second 
chamber 16. For a high power beam, this may cause unacceptable 'hot spots' on the surfaces 
of the second chamber 16. Similarly, if the absorption coefficient of the coating is too high, 
the amount of energy absorption that occurs in the first reflection may be unacceptably high 

20 and again result in local 'hot spots.' In one present embodiment, the first and second faces 
28 and 30 are coated with a coating of Ebonol C™. It will be appreciated that, depending on 
the specific application, other coatings or no coating may be used as desired on the first and 
second faces 28 and 30. Given by way of non-limiting example, other suitable coatings that 
may be used on the first and second faces 28 and 30 include tungsten, tungsten carbide, 

25 silicon carbide, black chrome, black nickel, black oxide, black paint, and the like. 
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The second chamber 16 defines an opening 36 at a first end 38. The opening 36 is 
configured to admit a portion of the beam 14 through the throat 32. It will be appreciated 
that portions of the beam 14 that reflect off the first or second face 28 and 30 may also be 
admitted through the opening 36. Third and fourth faces 40 and 42 define an angle /3 
5 therebetween. The third and fourth faces 40 and 42 narrow at the angle /3 along the axis a2 to 
a vertex 44 at a second end 46. Similar to the angle a, the angle /? suitably can have any 
value as desired. In one present embodiment, the angle /? advantageously has a value of 
around 15°. It has been determined that a value of around 15°, in concert with values of 
either around 28° or around 32° for the angle a, advantageously attenuates substantially all of 

10 the energy of the beam 14 and minimizes local heating, back-scatter and back-reflections. 
However, it is emphasized that the angle /3 may have any value as desired for a particular 
application. Similar to the first and second faces 28 and 30, the third and fourth faces 40 and 
42 suitably are also coated in order to mitigate effects of excessive local absorption and 
heating of the beam capture device 10 while promoting a controlled absorption of the energy 

15 from the beam 14. As such, given by way of non-limiting example, the third and fourth faces 
40 and 42 suitably may be coated with Ebonol C ™, tungsten, tungsten carbide, silicon 
carbide, black chrome, black oxide, black paint, or the like, as desired. 

If desired, the second chamber 16 may optionally include additional faces such as a 
fifth face 48. If provided, the fifth face 48 may extend from the end of the first face 28 at the 

20 second end 34 of the first chamber 12 to the end of the third face 40 at the first end 38 of the 
second chamber 16. If desired, the fifth face 48 may be provided to provide a greater amount 
of non-collinearity between the axes oti and 0C2. Advantageously, within certain limits, 
increasing the amount of non-collinearity between the axis oci and ot2 mitigates even further 
any amount of back-scatter or back-reflection. The fifth face 48 suitably may be coated with 

25 the same coating as the first, second, third, and fourth faces 28, 30, 40, and 42, respectively, 
as discussed above. 
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Referring now to FIGURE 2, a plurality of fasteners 50 extend through the clamp 20 
and attach the beam capture device 10 to the support structure 23, such as an outlet port (not 
shown) of a device (not shown) for generating the beam of radiation. 

The beam capture device 10 is designed to work without subjecting the body 18 to 
substantial local heating and to do so without active cooling. Yet because the beam capture 
device 10 will capture and absorb substantially all of the energy of the beam 14, there may be 
circumstances where it may be desirable to cool the beam capture device 10. Such cooling 
may be desired after use in order to return the body of the device 10 to the starting 
temperature so that it may be used again. If the input energy is high enough, successive runs 
without either active cooling or sufficient time for passive cooling may drive the bulk 
temperature of the device 10 above the melting temperature of the materials. Further, if the 
input energy is high enough, the device 10 may reach temperatures that pose a safety hazard 
to personnel or equipment. 

In one exemplary embodiment, an inlet port 52 is arranged to be coupled to receive 
any acceptable coolant from a cooling system (not shown). An inlet header 54 extends into 
the body 18 and supplies coolant to a plurality of coolant channels 56 that extend throughout 
the body 18. The coolant channels 56 connect to an outlet header (not shown) that terminates 
at an outlet port 58. Cooling may be performed while the device 10 is exposed to radiation, 
after exposure to radiation, or both. It will be appreciated that any acceptable cooling system 
known in the art may be used to remove heat from the body 18. However, an exemplary 
cooling system that is well suited for use with the beam capture device 10 is set forth in 
concurrently filed U.S. Patent Application entitled "Simple High Accuracy High Energy 
Calorimeter" bearing attorney docket number BOEI-1-1 198, the contents of which are hereby 
incorporated by reference. 

Referring now to FIGURE 3, the opening 24 advantageously defines an aperture 25 in 
the body 18 that is larger than a footprint of the beam 14. It will be appreciated that the 
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opening 24 suitably defines the aperture 25 with any size as desired for a particular 
application. In one presently preferred embodiment, the aperture 25 advantageously is 
defined to be at least as large as the footprint of the beam 14. Given by way of non-limiting 
example, the beam 14 suitably may have a footprint of around 4 cm (height) by around 4 cm 
5 (width) to around 4 cm (height) by around 12 cm (width). Advantageously, in one 
embodiment the opening 24 defines the aperture 25 to be around 6 cm (height) by around 13 
cm (width). However, it will be appreciated that the opening 24 may define the aperture 25 
to have any dimensions as desired. While actual dimensions are understood not to be a 
limitation of the present invention, it will be appreciated that it is desirable that the aperture 
10 25 be larger than the footprint of the beam 14 such that the entire beam 14 is admitted into 
the first chamber 12. 

It will be appreciated that size of the footprint of the beam 14, along with power level 
of the beam 14, determines a duration that the beam 14 may illuminate the attenuation device 
10. As discussed above, in one exemplary embodiment the footprint of the beam 14 may 

15 range in size from around 4 cm by around 4 cm to around 4 cm by around 12 cm. Given by 
way of non-limiting example, with an exemplary power level of 32 kW, the beam 14 can be 
applied for a duration of around five seconds when the footprint of the beam 14 is around 4 
cm by around 4 cm. Assuming the same power level, the duration of the beam 14 can be 
around 10 seconds when the beam 14 has a footprint of around 4 cm by around 8 cm. Again 

20 assuming the same power level, the beam 14 can have a duration of over 10 seconds when 
the footprint of the beam 14 is around 4 cm by around 12 cm. It will be appreciated that a 
larger footprint for the beam 14 spreads out energy of the beam 14 over a larger area along 
the first, second, third, and fourth faces 28, 30, 40, and 42 and, if desired, the fifth face 48. 
Spreading out the energy of the beam 14 reduces localized heating. As a result, for a given 

25 power level the beam 14 can be applied for longer durations of time. 



25315 -10- Black Lowe & Graham F 

CUSTOMER NUMBER — 



701 Fifth Avenue, Suite 4800 
BOEI-M 190A? Seattk Was hington 98104 

206.381.3300 • F: 206.381.3301 



Referring now to FIGURES 4-6, when the beam 14 enters the beam capture device 
10, the beam 14 undergoes multiple reflections, or "bounces," off the first and second faces 
28 and 30 in the first chamber 12 and the faces 40 and 42 in the second chamber 16 before 
substantially all energy of the beam 14 is absorbed. Each reflection absorbs some of the 
5 energy of the beam 14. Referring now to FIGURE 5, even beams entering the device 10 at a 
large angle, such as a beam 14a, advantageously are captured by the device 10. 

Referring now to FIGURE 6, in a presently preferred embodiment, advantageously 
there is no direct path from the opening 24 to the vertex 44. For example, a beam 14b enters 
the opening 24 at the end of the first face 28 and directly enters the second chamber 16 at the 
10 end of the fourth face 42. As such, this represents the steepest possible beam angle that can 
enter the second chamber 16. Advantageously and according to the present invention, the 
axis a 2 is selected such that the beam 14b does not directly impinge the vertex 44. Instead, 
the axis a 2 is selected such that the beam 14b reflects off the third face 40 at least once before 
the beam 14b impinges upon the vertex 44. Advantageously, this geometry prevents 
15 unimpeded backscatter and reflection of the beam 14b from the vertex 44 directly out of the 
opening 24. 

It will be appreciated that exemplary geometries of the device 10 shown in FIGURES 
1-6 are given by way of nonlimiting example and are not intended to limit whatsoever any 
possible geometries contemplated by the present invention. For example, referring now to 

20 FIGURE 7, a device 100 having an alternate geometry includes the first chamber 12 and the 
first and second faces 28 and 30 as described above. While the device 100 includes a second 
chamber 116 with third, fourth, and fifth faces 140, 142, and 148, the second chamber 116 
does not terminate in a single vertex. The device 100 accordingly captures the beam 14 and 
significantly reduces backscatter and reflections that may exit the entrance 24. However, it 

25 will be appreciated that the device 100 may be subject to more local beam concentrations and 
resultant local heating than the device 10 (FIGS 1-6). 
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Referring now to FIGURE 8, a device 200 with another alternate geometry includes 
the first chamber 12 and the first and second faces 28 and 30 as described above. Like the 
device 100 (FIGURE 7), the device 200 includes a second chamber 216 that does not 
terminate at a vertex. However, the second chamber 200 is a five-sided chamber with third, 
5 fourth, fifth, sixth, and seventh faces 240, 242, 248, 250, and 252. Because of the high 
number of sides in the second chamber 216, substantially all of the energy of the beam 14 is 
captured. For example, it has been determined that when a beam 14 with a power rating of 
100 watts is put into the device 200, only about 0.00043 watts (that is, 0.0004%) exits the 
device 200. 

10 It will be appreciated that embodiments of the present invention need not be limited 

to devices with only two chambers. For example, referring now to FIGURE 9, a device 300 
given by way of nonlimiting example includes first, second, and third chambers 312, 314, 
and 315 having non-collinear axes a3, a4, and as, respectively. The third chamber 315 
terminates at a vertex 344. Further details of construction of the device 300 (such as 

15 materials, coatings, and faces) are similar to details of construction set forth above for the 
devices 10, 100, and 200 and need not be repeated for an understanding of the present 
invention. Referring now to FIGURE 10, it will be appreciated that there is no direct path to 
the vertex 344. Because the device 300 includes more chambers and faces than does the 
device 10 (FIGURES 1 and 6), the device 300 advantageously reduces backscatter even more 

20 than does the device 10. However, it will be appreciated that, as a tradeoff, the device 300 
may entail more complicated fabrication than does the device 10. 

It will further be appreciated that embodiments of the present invention may include 
devices having geometries with any number of chambers and faces as desired. As seen 
above in the nonlimiting example of the device 300, backscatter becomes further reduced 

25 with an increase in the number of chambers defined within the device. These further 
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reductions in backscatter may come at an expense of possible complications in fabrication as 
more chambers are defined within the device. 

While the preferred embodiment of the invention has been illustrated and described, 
as noted above, many changes can be made without departing from the spirit and scope of the 
5 invention. Accordingly, the scope of the invention is not limited by the disclosure of the 
preferred embodiment. Instead, the invention should be determined entirely by reference to 
the claims that follow. 
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